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ABSTRACT 

Nitric  oxide  ia  an  important  oonponant  of  many  prooaaa  gaaes  and 
a knowledge  of  the  heat  and  work  aaaoeiated  with  ohangea  in  the  atate 
of  thia  eongwund  ia  of  indaatrial  Intereat*  For  thla  reaaon  the  ther- 
nodynaiiLo  propertlea  were  eatabllahed  fMn  available  woluaetrie  and 
apeotroao<g>io  data. 

The  thermodynaaic  propertlea  of  nitrio  oxide  ware  oongiuted  by  ap- 
plication of  the  Benedict  equation  of  atate  and  iaobario  heat  eapadties 
at  infinite  attenuation  for  teaperaturea  Ikoa  -80*  to  220*P*  and  for 
preaaurea  ig)  to  3000  pounda  per  aquare  inoh.  CoefUoienta  for  the 
Benedict  ed«^oo  o£  atate  ware  eetabliahed  firoa  available  experiiaental 
Infonaatlon  ooneernlng  the  voluaetric  behavior  of  nitric  oxide.  The 
heat  capacity  waa  obtained  from  publiahed  apeotroacopic  aeeaureaenta. 
Spaoifio  valuea  of  the  volaaa«  enthalpy*  entropy*  and  iUgacity  were 
oaloulated  for  27  different  preaaurea  at  each  of  11  teaperaturea. 

The  reaulta  obtaixMd  eatabliehed  the  theraodynaaio  propertlea  of 
nitric  oxide  throughout  the  range  of  t«g>eratttrea  and  preeeurea  of  pri* 
mazy  induatrial  intereat.  A aufficient  nuaber  of  atatea  haa  been  in- 
cluded in  the  tabulation  that  four  point  linear  interpolation  aay  be 
uaed  for  aapy  applioationa.  Extenaion  of  the  tabulation  to  higher 
teaperaturea  waa  preblttdad  by  lack  of  experlaental  data. 

(Thia  abatraot  ia  intended  for  publication  in  a aeparate  aeotion  of  the 
Journal). 
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The  themo<tyx»mlo  properties  of  nitric  oxide  have  not  been  determined 
in  detail.  Briner  and  eoworicers  investigated  the  volumetric  behavior 
at  pressures  from  li50  to  2200  pounds  per  square  inoh  in  the  ten|>erature 
interval  between  -109°  and  ii8°  F«  In  addition^  measurements  were  recently 
completed  at  pressures  up  to  2$00  pounds  per  square  inch  for  traperatures 
between  U0°  and  220°  F.  (^,  These  data  were  in  good  agreeawnt  with  de- 
terminations of  the  second  virlel  coefUoient  made  by  Johnston  and  Weimar 
(jjmt  temperatures  between  m2U3°  and  70°  f» 

The  heat  capacity  of  nitric  oxide  was  calculated  by  Witmer  (11) 
trm  spectroscopic  measurements  of  Jenkins,  Barton,  and  Mullikin  (6). 
fencer  (10)  proposed  an  analytical  expression  for  the  heat  capacity  but 
it  appears  to  deviate  markedly  from  Witnar'S  values  and  for  this  reason 
was  not  used  in  the  present  calculations* 

The  above  mentioned  VDlunmt.ric  data  served  as  the  basis  for  the  eval- 
uation of  the  coefficients  of  the  equation  of  state  proposed  by  Benedict, 
Webb,  and  Rubin  (^£)«  hereinafber  referred  to  as  the  Beoediot  equation* 
^thods  devised  by  Brough  (1^)  with  the  modifioationB  suggested  by  Selleck 
(9)  were  employed*  These  methods  involved  the  application  of  least 
squares  techniques  to  the  estimation  of  the  coefficients  yielding  the 
minimum  standard  error  of  estimatOo  Experience  has  indicated  that  the 
Benedict  equation,  when  used  with  coefficients  established  by  the  methods 
of  Brough  (Ij,)  and  Selleck  (£))  does  not  necessarily  give  a satisfactory 
description  of  the  volumetric  behavior  of  a pure  substance  beyond  the 
ranges  of  pressure  and  temperature  for  which  the  coefficients  were  es- 
tablished* 
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In  the  present  instance  loefficients  of  the  equation  of  state  wero 
based  upon  volumetric  measure  lents  made  b2^  Bj  iner  (2)  and  those  recentiy 
reported  by  Golding  (£).  The  data  of  Briner  do  not  agree  with  the  mere 
recent  measurements  at  temperatures  in  the  mrighborhood  of  U3®F.  For 
this  reason  the  results  from  the  former  set  i measurements  at  tempera- 
tures above  -liO^  F.  have  been  omitted.  The  e)q>erijneDtal  data  which  were 
used  in  evaluating  the  coeffi::ients  have  been  indicated  in  Figure  1 to- 
gether with  isotherms  from  th*  Benedict  eqiatlon  based  upon  the  ooefficlenl 
recorded  in  Table  I.  A value  of  the  universal  gas  constant  of  10.7311t7 
(cu.  fta/lb.  mole)  (lb»/sq»  ioch)/®R.  or  1.96^88  B.t.u./(lb.  mole)/®R. 
was  eng>loyed  in  the  calculations.  A series  of  sets  of  coefficients,  such 
as  that  shown  in  Table  I,  may  be  obtained  for  nitric  oxide  based  upon  the 
data  of  Figure  1 using  differ ont  values  of  '7^  • Values  of  be- 

tween zero  and  ten  (cu.  ft«/l>.  mole)^  yield  roughly  eqial  deviations 
from  the  experimental  data  behavior  is  similar  to  that  found 

for  the  lighter  hydrocarbons  !8).  The  value  of  was  taken  as  OoS 

(cu.  fto/lb.  mole)^  because  lb  gave  near  the  minimum  standard  error  of 
estimate  for  values  of  between  zero  and  ten. 

The  coefficients  recorded  in  Table  I describe  the  volumetric  be- 
havior of  nitric  oxide  from  tjmperatures  of  -100®  to  220®  f.  for  pres- 
sures up  to  3090  pouzxis  per  square  inch  with  a standard  error  of  esti- 
mate of  OoOOU58  in  the  compressibility  factor.  This  measure  of  disagree- 
ment ascribes  all  the  error  t:)  the  pressure  and  assumes  agreement  wiih 
respect  to  volume  and  tempera '^ure.  Ihese  coefficients  do  not  describe 
adequate3.y  the  behevior  of  nitric  oxide  in  the  heterogeneous  or  critical 
regions.  At  tenperatures  of  100®  and  200®  R.  marked  disagreement  from 
the  estimated  behevior  of  tbii  compound  results  from  the  use  of 


the  ooefficlents  listed  in  Table  I. 

The  ejqpresslons  for  enthalpy,  entropy,  and  fugaclty  were  conn 
blned  with  the  relationships  for  pressure  and  the  isochorlc  pressure- 
teii^erature  derivative  shown  in  l^e  first  part  of  Table  II  in  order  to 
obtain  desired  numerical  values  of  the  thsrmod3mamic  properties.  These 
calculations  were  carried  out  for  pressures  up  to  3900  pounds  per  square 
inch  at  11  temperatures  between  -80**  and  220^  F.  The  resulting  values 
of  volume,  enthalpy,  entropy,  and  fUgaeity  %rhich  were  obtained  are  re- 
corded in  Table  III.  The  values  of  enthalpy  and  entropy  have  been  car- 
ried to  one  more  significant  figure  than  is  justified  by  the  accuracy  of 
the  data  so  that  the  differences  between  these  quantities  for  adjacent 
states  might  be  established  with  reasonable  precision.  The  lieat  capacity 
at  infinite  attenuation  which  la  shown  in  Figure  2 was  based  on  the  cal- 
culations of  Witraer  (H).  In  addition,  the  values  of  the  heat  capacity 
at  higher  pressures  have  been  Included.  These  data  have  been  established 
by  differentiation  of  the  enthalpy  function  shown  in  Table  II  at  constant 
pressure. 

Figure  3 is  an  enthalpy-pressure  diagram  for  nitric  oxide.  Tenper- 
ature  and  entropy  have  been  included  as  parameters.  A tenperature-entropy 
diagram  is  shown  in  Figure  with  volume,  enthalpy,  and  pressure  as  par- 
ameters. These  two  diagrams  permit  most  of  the  thermodynamic  processes 
of  Itulustrlal  Interest  to  be  followed  with  reasonable  accuracy.*  figure 
5 depicts  the  conqpressibllity  factor  as  a function  of  pressure  with  temp- 
erature and  entropy  as  parameters.  This  diagram  when  used  with  the  fol- 
lowing expression  allows  more  accurate  estimation  of  specific  volume  trian 
is  possible  from  Figures  3 and  Uo 

* Replicas  of  these  diagrams,  approximately  6^  inches  by  11  inches,  may 

be  obtained  from  the  authors  for  the  cost  of  duplication. 
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However,  it  is  not  possible  to  follow  Isochorlc  processes  directly  upon 
Figure  5. 

Xhe  data  of  Table  III  and  Figures  3,  U,  and  5 were  based  on  a ref> 

ereoce  state  for  the  enthalpy  and  entropy  at  a tenperature  of  absolute 

zero  and  a pressure  of  one  atmosphere.  This  basis  corresponds:  to  the 

convention  adopted  by  Piossini  (9)  and  affords  a convenient  reference  lor 

the  enthalpy  and  entropy.  Uncertainties  in  the  heat  capacities  between 

absolute  zero  and  the  lowest  tenqi)  srature  in  the  tables  do  not  introduce 

\ 

errors  In  the  use  of  the  tabular  inforioation  since  the  reference  states 
may  be  chosen  arbitrarily.  It  Is  believed  that  the  values  of  pressure, 
volume,  enthalpy,  entropy,  and  ft;acity  are  self-consistent  with  a stand- 
ard deviation  of  not  more  than  0. L$.  However,  values  of  the  enthalpy, 
entropy,  and  specific  volume  as  a function  of  state  may  involve  a standard 
deviation  as  largo  as  0.6%  as  a i ssult  of  uncertainties  in  the  experimer- 
tal  values  of  the  heat  capacity  end  specific  volume. 

-The  self-consistency  of  the  data  was  established  by  application  of 
the  followiDg  expreeeion  to  a series  of  random  polytropic  paths: 

cl  M S -h  Vd  P 


The  relationship  fugacity  to  -nthalpy  and  entropy  was  checked  from 
the  following  tnoT*modynamic  reie-ion  wfiich  is  applicable  to  an  iaotharraal 
change  of  state: 
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The  statistical  estimates  c£  consistency  given  above  were  based  upon 
these  checks.  The  InforsBtlon  ol  labia  III  together  with  the  graphical 
presentation  In  i<'igures  3 and  U suflloos  to  establish  the  thermodynamic 
properties  oX  nitric  oxide  at  pressures  up  to  3<^00  pounds  per  square  inch 
In  the  temperature  interval  between  -89°  and  220°  i'.  It  Is  again  aspha  - 
sised  that  the  extension  of  the  Benedict  equation,  based  upon  the  coef- 
ficients recorded  in  Table  I,  to  states  beyond  those  covered  by  the  data 
employed  In  this  study  may  result  In  calculated  values  which  deviate 
markedly  from  the  actual  behavior  of  this  eompoundo 
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Coefficients  in  Benedict  equation  of  state 


b specific  gas  constant, 

Cp  heat  capacity  at  constant  pressure,  L.t.u./(lb. )(®R. ) 

d iifferontial  operator 

e base  of  Naperian  logarithm 

K ixiterruil  energy,  B.t.u./lbo 

f i'ugacity,  lb«/sq.  inch 

H anthalpy,  BrtoU./lb. 

natui'al  logarithm 
M laolecular  weight 

P absolute  pressure,  lbe/sc»  inch 

R universal  gas  constant 

S ontixipy,  B.t,u»/(lb,;  )(®R.  ) 


r absolute  temperature, 

V ■lolf.l  volixme,  cu.  ft./  lb.  mole 

V specific  volvme,  cu«  ft./lo-= 

p\/ 

Z compressibility  factor 

pxtiaV.  differential  ope* -a tor' 

Subscripts 

0 raiVrance  sts  te 

I..P  partic\ilar  siatns  of  sys'.^n 


h ) 


Superscript 

^ value  of  property  at 
cUte  of  infinite 
attenuation 
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TABLE  I 


COEFFICIENTS^OP  THE  BBIEB£CT  EQUATICN  OP  STATE  FOR 
THE  VOLUMETRIC  BEHAVIOR  OF  NITRIC  OXIIE 


Coeffleient 


Units 


A 

1630.79 

B 

0.156369 

C 

335.287x10^ 

a 

I2a66.6l 

b 

2.21283 

0 

9l5.6li53aO^ 

0.0512202 

T 

0.5000000 

(Ib./sq.  in.)  (eu.  ft.)^  psr  (lb.  mols)^ 
eu.  ft.  per  lb.  sole 

(Ib./sq.  in.)  (cu.  ft.)^  (®R*)^  per  (lb.  aole)^ 
(Ib./sq.  in.)  (ou.  ft.)3  per  (lb.  mole)^ 

(cu.  ft.  )^  per  (lb.  ttole)^ 

(Ib./eq.  in.)  (cu.  ft.)^  (*^.)^  per  (lb.  aole)^ 
(ott.  ft.)^  per  (lb.  »ole)^ 

(cu.  ft.)^  per  (lb.  mble)^ 


a 


These  eoefficiente  yield  yaluee  of  the  molid.  voluse 


TABLE  II 


TABLE  m 


THERMOlXNAiaC  PRC^ERTIES  OP  NITRIC  OXICB 


PrasBuraj 
Lb*  / Sq*  Iho 
Absoluta 


10 

IL.696 

20 

30 

1*0 

50 

6o 

80 

100 

125 

150 

200 

250 

300 

1*00 

500 

600 

800 

1000 

1250 

1500 

1750 

2000 

2250 


Voluma, 
Cu.  Pt./Lb. 


13*55 

9.21 

6.76 

1**50 

3*37 

2*687 

,2.235 

1*670 

1.330 

1.059 

O08777 

0.6511 

0*5151 

0.1*21*5 

0*3110 

0.21*27 

0.1970 

0.1395 

0.101*6 

0*0761 

0.0567 

0.01*35 

0,0353 

0*0306 


Ehthal^, 

B*b*tt*/Lb* 


«80®  P. 
93.71 

93.63 

93.53 

93.31* 

93.16 

92.98 
92.80 
92*1*3 
92.07 

91.60 

91.11* 

90.19 

89.23 

88.26 

86*27 

81**22 

82*09 

77.60 
72.73 

65.99 

58.1*9 

50.78 

1*1*.  32 

39.88 


Entropy, 

B.t*u*AX>b*) 


1.6197 

1.59la 

1.5735 

1.51*63 

1.5270 

1.5U8 

1.1*991* 

1*1*797 

1.1*61*2 

1,1*1*86 

1.1*356 

1.1*11*8 

1.3981 

1.381*2 

1.3613 

1.31*25 

1.3263 

1.2983 

1*2737 

1.21*51 

1.2173 

1*1910 

1.1692 

1.1535 


Fugaeity, 
Lb./Sq*  2h* 


9.980 

ll*.652 

19.919 

29.819 

39.679 

1*9.1*99 

59.280 

78.722 

98*007 

121*89 

11*5.52 

192.06 

237.63 

282.22 

368.53 

1*51.01* 

529.77 

676.09 

807.75 

952.U 

1071*.  8 
1177. r 
1265.3 
131*3*9 


TABLE  III  (cent.) 


Pres8ur«f 
Lb.  / Sq.  In. 
Absolute 


Volume^ 

Cu.  7t./Lb. 


Enthalpgri. 

B.t«tt*/Lb* 


F. 


Entrov, 
B.t.tt./(U). ) 
(®R.) 


Fugeoitjy 
Lb./Sq.  lii. 


10 

IU.63 

100.97 

1.6381 

9.985 

lii.  696 

9.95 

100.90 

1.6125 

11*.  663 

20 

7.30 

100.82 

1.5920 

19.939 

30 

ii.86 

100.68 

1.5650 

29.8611. 

uo 

3.61* 

100.53 

1.51*56 

39.758 

50 

2.909 

100.381 

1.5306 

1*9.621 

60 

2.U20 

100.23 

1.5183 

59.U55 

80 

1.809 

99.92 

1.1*987 

79.030 

100 

l.Uli3 

99.62 

1.1*831* 

98.1*86 

125 

1.150 

99.21* 

1.1*679 

122.61* 

150 

0.95U3 

98.86 

1.1*552 

11*6.60 

200 

0.7099 

98.09 

l.l*3li8 

193.96 

290 

300 

0.5633 

0.1*650 

97.31 

96.52 

l.la86 

1.1*051 

21*0.59 

286.1*7 

Uoo 

0. 31*33 

9U.92 

1.3832 

376.01* 

900 

0.2698 

93.27 

1.3655 

1*62.68 

600 

0*2208 

91.58 

1.3503 

51*6.1*8 

800 

0.1591* 

88.06 

1.32U8 

705.52 

1000 

0.1223 

8U.33 

1.3031 

853.1*6 

12^ 

0.0925 

79.31* 

1.2789 

1023.2 

1500 

0.0725 

73.95 

1.2566 

1176.7 

17^ 

0.0581* 

68.21* 

1.2353 

13U*.9 

2000 

0.01*82 

62.1*1* 

1.2151 

11*39.3 

2290 

0.01*09 

57.00 

1.1968 

1552.3 

TABLE  III  (oont. ) 

PreMttT0» 
Lb.  / Sq.  In. 

VdLmm, 

Cu. 

Be1b«11»/CLbe  ) 

Fugeeltjf 
Lb./Sq.  m. 

Absolute 

-20®  F. 

10 

15.70 

108.19 

1.6553 

9.989 

lU.696 

10.68 

108.13 

1.6296 

11*.  671 

20 

7.8U 

108.06 

1.6091 

19.95U 

30 

5.22 

107.9U 

1.5821 

29.895 

Uo 

3.91 

107.81 

1.5628 

39.811* 

50 

3.13 

107.69 

1.5U79 

1*9.708 

60 

2.601 

107.56 

1.5356 

59.579 

80 

1.9U7 

107.31 

1.5161 

79.251 

100 

1.55U 

107.06 

1.5010 

98.630 

125 

1.239 

106.75 

1.U857 

123.17 

150 

1.030 

106.U3 

1.U731 

11*7.37 

200 

0.7675 

105.79 

1.U530 

195.33 

250 

0.6102 

105.15 

1.U371 

21*2.71 

300 

0.505U 

IOU.50 

l.U2)iO 

289.52 

Uoo 

0.37U3 

103.17 

1.1*027 

381.1*5 

500 

0.2956 

101.82 

1.3857 

1*71.12 

600 

0.2U5L 

lOO.itU 

1.3713 

558.57 

800 

0.1775 

97.58 

1.31*73 

726.96 

1000 

0.1360 

9U.60 

1.327U 

886.61* 

1250 

0.1065 

90.68 

1.3057 

1075.2 

1500 

0.0855 

86.55 

1.2863 

1251.2 

1750 

0.0706 

82.23 

1.2683 

iia5.6 

2000 

0.0597 

77.81 

1.2511* 

1569.5 

2250 

0.0515 

73.UO 

1.2356 

1711*.! 

s 

4 

i 

TABLE  m (cent. ) 


Preuure» 

VolVMj 

Ehthalpj, 

Entropjy 

Fogaoitj 

»./Sq.  In, 

Cu« 

10®  F. 

B.t.tt./(Lb.) 

(®R.) 

Lb./Sq.  In 

10 

16.78 

115.38 

1.6709 

9.991 

IU.696 

u.ia 

U5.32 

I.6I455 

U4.677 

20 

8.38 

115.27 

1.62U9 

19.9614 

30 

5.58 

115.16 

1.5980 

29.918 

iiO 

U.18 

115.06 

1.5788 

39.853 

50 

3.3U 

III4.96 

1.5639 

U9.770 

60 

2.7814 

III4.85 

1.5517 

59.669 

80 

2.08U 

1114.614 

1.5323 

79.I4II 

100 

1.6614 

III4.I42 

1.5172 

99.081 

125 

1.328 

1114.16 

1.5020 

123.56 

150 

I.IOI4 

113.89 

I.I4895 

II47.93 

200 

0.88U3 

113.35 

I.I4696 

196.32 

29i 

0.6$63 

U2.8I 

l.USliO 

2U4.27 

300 

0.5ia43 

112.26 

1.14U11 

291.  ? 

liOO 

O.I4OI43 

111.15 

1.U203 

385.U2 

500 

O.320I4 

UO.Ol 

I.I4O37 

W7.33 

600 

O.26I4I4 

108.86 

1.3898 

567.50 

800 

0.19U5 

106.U9 

1.3670 

7I42.83 

1000 

0.1526 

IOI4.OI4 

1.3U82 

911.58 

1250 

0.U91 

100.85 

1.3282 

1113.8 

1500 

0.0969 

97.55 

1.3106 

1306.7 

1750 

0.0812 

9I4.II4 

I.29I46 

II491.O 

2000 

0.0697 

90.71 

1.2799 

1667.U 

22^ 

O.O6O8 

87.17 

1.2659 

2836.8 

TABLE  III  (cent.) 


Pressure* 

Volume* 

Ehthalpjr^ 

Entrop7, 

Fugaolty* 
Lb./Sq.  In 

*•  / S<jt  jDi* 
Absolute 

Cu.  Pt./Lb. 

Bst>e  Ue/libe 

Uo®  Po 

B.t.u./(U>. ) 
(OR.) 

10 

17.85 

122.5U 

1.6857 

9.993 

Hi.  696 

12.1U 

122.50 

1.660ii 

lii.660 

20 

8.92 

122.U5 

1.6398 

19.971 

30 

5.9U 

122.36 

1.6129 

29.931* 

liO 

U.U5 

122.27 

1.5937 

39.833 

$0 

3.56 

122.16 

1.5788 

U9.8I6 

60 

2.965 

122.09 

1.5666 

59.735 

80 

2.220 

ia.9i 

1.5U73 

79.530 

100 

1.77U 

ia.73 

1.5323 

99.265 

125 

i.ia6 

ia.5o 

1.5172 

123.85 

150 

1.178 

ia.27 

1.50U8 

li*8.35 

200 

0.880U 

120.82 

1.U651 

197.07 

250 

0.7017 

120.35 

1.U696 

2k$M 

300 

0.5826 

U9.88 

1.U569 

293.i*ii 

liOO 

O.U338 

U8.93 

1.U36L 

388.U 

500 

0.3liU5 

U7.97 

1.U202 

U82.02 

600 

0.2850 

U6.99 

1.U067 

57U.25 

800 

o.ao7 

115.00 

1.38U6 

73*.  83 

1000 

0.1662 

U2.9U 

1.3666 

930.32 

1250 

0.1308 

110.29 

1.3U77 

11U3.1 

1500 

0.1073 

107.57 

1.3313 

131*6.9 

1750 

0.0907 

10U.79 

1.3166 

151*8.3 

2000 

0.078U 

101.98 

1.3032 

171*2.1 

2250 

0.0690 

99.15 

1.2907 

1930.7 

TABLE  III  (cent. ) 


Pressure  Volume^ 

Lb.  / Sq.  In.  Cu.  Pt./Lb. 
Absolute 


Enthalpy 
B. t .u.^Lb. 

70®  F. 


¥jcitrt^p  Fuffacity, 
Be^eUe^Lbe)  Lb«/S^»  III* 

(°R.) 


10 

18.93 

129.70 

1.6998 

9.991* 

IU.696 

12.86 

129.66 

1.671*2 

11*.  683 

20 

9.1*6 

129.62 

1.6539 

19.977 

30 

6.30 

129.55 

1.6268 

29.91*7 

UO 

U.73 

129.1*7 

1*6078 

39.905 

50 

3.78 

129.39 

1.5929 

1*9.852 

60 

3.15 

129.32 

1.5807 

59.786 

60 

2.357 

129.15 

1.5611* 

79.620 

100 

1.883/ 

128.98 

1.51*61* 

99.1*08 

125 

1.50U 

128.80 

1.5311* 

12U.07 

150 

1.252 

128.60 

1.5191 

11*8.67 

200 

0.9361 

128.20 

1.1*995 

197.61* 

2$0 

0.71*67 

127.80 

l.l*81a 

21*6.33 

300 

0«6205 

127.1*0 

1.1*715 

29U.73 

liOO 

0.1*626 

126.58 

1.1*513 

390.72 

500 

0.3681 

125.75 

1.1*353 

1*85.60 

600 

0.3051 

121*.91 

l.l*2a 

579.1*1* 

800 

0.2261* 

123.  a 

1.1*005 

761*.06 

1000 

0.1793 

ia.i*6 

1.3832 

91*1*.  82 

1250 

o.ua8 

U9.23 

1.3651 

1165.7 

1500 

0.U70 

116.95 

1.31*95 

1381.5 

1750 

0.0995 

111*.  61* 

1.3358 

1592.6 

2000 

0.0861* 

112.30 

1.3233 

1799.8 

2250 

0.0765 

109.97 

1.3118 

2003.5 

2500 

0.0686 

107.66 

1.3011 

220l*.l* 

2750 

0.0623 

105.38 

1.2911 

21*03.1 

3000 

0.0572 

103.17 

1,2817 

2600.0 

TABLE  III  (cent.) 


Pressure « VoOLune. 

Lb.  / Sq.  Ito.  Cu.  Ft»/Lb. 
Absolute 


Enthalp7» 
B. t.u./Lb* 

100®  F. 


Entropy, 
B.t.u./(Lb. ) 
(®R.) 


Fugaolty, 
Lb./Sq.  In. 


10 

li*.696 

20 

30 

Uo 


20.01 

13.61 

10.00 

6.66 

5.00 


i36.au 

136.81 

136.78 

136.72 

136.65 


1.7127 

1.6373 

1.6670 

1.6U01 

1.6209 


9.995 

IU.686 

19.981 

29.958 

39.923 


50 

6o 

80 

100 

125 


3.99  136.58 

3.33  136.51 

2.U92  136.37 

1.992  136.23 

1.591  136.05 


1.6061  U9.881 
1.5939  59.828 
1.57U7  79.693 
1.5597  99.520 
1.5UU7  12U.25 


150 

200 

250 

300 

Uoo 


1.325 

0.9912 

0.7912 

0.6578 

O.U912 


135.89 

135.53 

135.18 

13U.83 

13U.13 


1.532U 

1.5129 

1.U977 

1.U852 

1.U652 


IUS.92 

198.09 

2U7.03 

295*7U 

392.51 


500 

600 

800 

1«00 

1250 


0.3913 

0.32U7 

0.2U17 

0.1920 

0.152U 


133.U1 

132.68 

131.21 

129.72 

127.81 


1.UU9U 

I.U363 

I.U152 

I.398U 

1.3808 


U88.UO 
583.U6 
771  o25 
956.02 
1183.3 


1500 

1750 

2000 

2250 

2500 


0.1263  125.87 

0.1077  123.92 
0.09U0  121.96 
0.083U  120.01 
0.0751  118.07 


1.3659  IUO6.8 
1.3528  1627.2 
I.3I4IO  18UU.9 
1.3302  206O.U 
1.3202  227U.U 


2750 

3000 


O.068U 

0.0629 


116.17 

IIU.3I 


1.3109 

1.3021 


2U87.3 

2699.5 


TABLE  III  (cont.) 


Pressure, 

Vdune, 

Enthslpur, 

Entrorrv', 

Pugscltj] 

/ Sq*  :bi. 
Absolute 

Cu*  Fto/Lb« 

B.t.tt./Lb. 
130®  P. 

B.t.u./flh.) 

(®B.) 

Lb./Sq.  Ii 

10 

21«08 

143.99 

1.7253 

9.996 

IU.696 

1U.3U 

143.96 

1.6999 

14.688 

20 

10. 5U 

143.93 

1.6794 

19.985 

30 

7.02 

143.87 

1.6524 

29.965 

UO 

5.26 

143.81 

1.6334 

39.937 

50 

U.21 

143.75 

1.6185 

49.902 

60 

3.51 

143.69 

1.6064 

59.858 

80 

2.626 

143.57 

1.5872 

79.748 

100 

2.101 

143.45 

1.5723 

99.606 

125 

1.679 

143.30 

1.5573 

124.39 

150 

1.398 

143.15 

1.5450 

149.12 

200 

1.0U6 

142.84 

1.5256 

198.44 

250 

0.8355 

142.53 

1.5104 

247.57 

300 

0.6950 

142.22 

1.4960 

296.53 

Uoo 

0.5195 

141.60 

1.4781 

393.90 

$00 

0.1OU2 

140.98 

1.4625 

490.60 

600 

o.3Wa 

140.34 

1.4496 

586.65 

800 

. 0.25^6 

139.06 

1.4289 

776.88 

1000 

0.2043 

137.77 

1.4123 

964.88 

1250 

0.16p7 

136.12 

1.3953 

1197.2 

1500 

0.1351 

134.47 

1.3809 

1426.9 

1750 

0.1156 

132.80 

1.3682 

1654.5 

2000 

O.lOU 

131.14 

1.3569 

1860.4 

2250 

0.0900 

129.49 

1.3467 

2105.4 

2500 

0.0812 

127.85 

1.3372 

2329.7 

2750 

0.0741 

126.25 

1.3284 

2553.8 

3000 

0.0662 

124.68 

1.3202 

2778.3 

TABLE  III.  (eont.) 


Pressure^ 

Volume,  Enthal{7,  Ehtrow, 

Cu.  Ft./Lb.  B.t.u./Lb.  B.t.u./(Lb.) 

Fogaolty, 
Lb./Sq.  In 

Lb.  / Sq.  Jxi* 

Absolute 

o 

160°  F. 

10 

22.16 

151.13 

1.7372 

9.997 

Hi.  696 

15.07 

151.11 

1.7U5 

H*.689 

20 

11.07 

151.08 

1.69U 

19.987 

30 

7.38 

151.03 

1.661il 

29.971 

liO 

5.53 

150.98 

1.6li5l 

39.91*0 

50 

li.U3 

150.92 

1.6302 

1*9.918 

60 

3.69 

150.87 

I.6I8I 

59.882 

00 

2.763 

150.76 

1.5989 

79.790 

100 

2.209 

150.65 

1.581*0 

99.671* 

125 

1.766 

150.52 

1.5691 

12l*.l*9 

150 

1.U70 

150.38 

1.5569 

11*9.27 

200 

1.101 

150.U 

1.5375 

198.72 

250 

0.8795 

1U9.8U 

1.5221* 

21*0.01 

300 

0.7318 

11*9.56 

1.5100 

297.16 

liOO 

0.5U75 

11*9.02 

1.1*903 

395.02 

500 

O.U369 

11*8.1*7 

l.U7l*8 

1*92. 3U 

600 

0.3632 

11*7.92 

1.1*620 

589.17 

800 

0.2713 

11*6.00 

l.lilil6 

781.37 

1000 

0.2l6li 

11*5.67 

1.1*253 

972.01 

1250 

0.1727 

H*l*.2l* 

1.1*086 

1208.3 

l$0O 

O.Hi37 

11*2.81 

1.391*5 

11*1*2.8 

1750 

0.1232 

11*1.38 

1.3823 

1676.2 

2000 

0.1079 

139.96 

1.37H* 

1900.7 

2250 

0.0962 

130.55 

1.3615 

2iia.i 

2500 

0.0869 

137.16 

1.3525 

2373.6 

2750 

0.079U 

135.80 

1.31*1*1 

2606.8 

3000 

0.0733 

13l*.l*7 

1.3362 

281a.l 

i' 

1 

■'I 


10 

23.23 

158.27 

1.71*83 

9.998 

Hi.  696 

15.80 

158.25 

1.7225 

IU.69I 

20 

11.61 

158.23 

1.7021 

19.990 

30 

7.7li 

158.18 

1.6752 

29.976 

Uo 

5.80 

158.13 

1.6562 

39.957 

50 

li.6U 

158.06 

1.6la3 

1*9.933 

6o 

3.87 

158.03 

1.6292 

59.90b 

80 

2.898 

157.9U 

1.6100 

79.828 

100 

2.ja.7 

157.81* 

1.5952 

99.733 

125 

1.852 

157.72 

i.58oe 

12b.  58 

150 

1.5li3 

157.60 

1.5660 

lb9.1*0 

200 

1.156 

157.37 

1.5U87 

198.95 

250 

0.9236 

157.13 

1.5337 

2U8.37 

300 

0.7687 

156.88 

1.5213 

297.67 

Uoo 

0.575U 

156.I1O 

1.5017 

395.95 

500 

O.U595 

155.92 

1.1*663 

b93.78 

600 

0.3822 

155.U2 

1.1*737 

591.23 

800 

0.2859 

l5U.l4ii 

1.U531* 

785.05 

1000 

0.2283 

153.1*5 

1.1*373 

977.71 

1250 

0.182U 

152.21 

1.1*209 

1217.2 

1500 

0.1520 

150.97 

1.1*072 

lb55.7 

1750 

0.1305 

11*9.73 

1.3952 

1693.7 

2000 

0.UU5 

11*6.51 

1.381*7 

1931.5 

2250 

0.1022 

11*7.30 

1.3751 

a69.8 

2500 

0.0925 

11*6.12 

1.3661* 

21*08.9 

2750 

0.08U6 

H*l*.96 

1.3583 

26b9.b 

3000 

0.0781 

11*3.82 

1.3508 

2891.b 

I- 


TABLE  III  (cent.) 

Pressure*  Volume*  Enthalpy  * 

Lb»  / SQ»  Cu»  Ft«/Lb»  B»t«u«/Lb. 

Absolute  o 

220  F. 


Bitr<w»  Fugaciiy, 

i.t.u./(Lb.)  Lb./S<t  In. 
(°R.) 


10 

24.30 

165.42 

14.696 

16.53 

165.39 

20 

12.15 

165.37 

30 

8.10 

165.32 

40 

6,07 

165.28 

50 

4.85 

165.24 

60 

4.05 

165.20 

80 

3.03 

165.U 

100 

2.425 

165.03 

125 

1.939 

164.92 

150 

1.615 

164.81 

200 

1.210 

164.60 

250 

0.9672 

164.39 

300 

0.8053 

164.17 

400 

0.6030 

163.74 

500 

0.4818 

163.31 

600 

0.4010 

162,88 

800 

0.3002 

162.01 

1000 

0.2400 

161.13 

1250 

0.1920 

160.05 

1500 

0.1602 

158,97 

1750 

0.1377 

157.90 

2000 

0.1210 

156.84 

2250 

0.1080 

155.81 

2500 

0.0978 

154.80 

2750 

0.0896 

153.80 

3000 

0.0828 

152.84 

1.7586  9.998 
1.7329  IU.691 
1.7127  19.991 
1.6857  29.979 
1.6666  39.963 

1.6519  U9.9U2 
1.6397  59.918 
1.6206  79.855 
1.6057  99.776 
1.5908  12U.65 

1.5786  149.501 
1.5594  199.12 
I.5I443  248.64 
1.5320  298.08 
1.5125  396.67 

1.4972  494.93 
1.4846  592.87 
1.4645  787.96 
1.1*486  982,32 
1.4325  1224.3 

l.la89  1466.0 

1.4073  1707.7 

1.3969  1949.8 
1.3877  2192.9 
1.3792  2437.3 

1.3713  2683.4 
1.3641  2931.8 
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